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Abstract 
 This project focuses on the examination of the structures of lanthanide containing 
double perovskites of the type Ba2LnB'O6-δ (Ln = lanthanide or Y3+ and B' = Nb5+, 
Ta5+, Sb5+ and/or Sn4+) using synchrotron X-ray and neutron powder diffraction. The 
first part of this project examined the relative stability of 3R  rhombohedral and I4/m 
tetragonal structures as the intermediate phase adopted by the series Ba2LnB'O6 (Ln = 
lanthanide (III) or Y3+ and B' = Nb5+, Ta5+ or Sb5+). It was found that I4/m tetragonal 
symmetry was favoured when B' was a transition metal with a small number of 
d-electrons, such as Nb5+ or Ta5+. This is due to the presence of pi-bonding in these 
compounds. In the Ba2LnNbO6 and Ba2LnTaO6 series 3R  rhombohedral symmetry 
was, however, favoured over I4/m tetragonal symmetry when Ln = La3+ or Pr3+ due to 
the larger ionic radius of these cations. The incompatibility of the d0 and d10 B'-site 
cations in this family of compounds was indicated by significant regions of phase 
segregation in the two series Ba2Eu1-xPrxNb1-xSbxO6 and Ba2NdNb1-xSbxO6. 
 
 In the second part of this project the compounds in the series Ba2LnSnxB'1-xO6-δ (Ln = 
Pr, Nd or Tb and B' = Nb5+ or Sb5+) were examined to understand the relative stability 
of oxygen vacancies in these materials compared to the oxidation of the lanthanide 
cations and to determine if any oxygen vacancy ordering occurred. It was found, using 
a combination of structural characterisation, X-ray Absorption Near-Edge Structure 
and Ultra-Violet, Visible and Near-Infrared spectroscopies, that with Ln = Pr or Tb 
increased Sn4+ doping results in a change in the oxidation state of the Ln3+ cations to 
Ln4+. This leads to those series containing little or no oxygen vacancies. A loss of 
B-site cation ordering was found to accompany this oxidation state change and phase 
segregation was found to occur in the Ba2PrSnxSb1-xO6-δ series most likely due to the 
Pr3+ and Pr4+ cations segregating into different phases. The Nd3+ cations in the series 
Ba2NdSnxSb1-xO6-δ, however, can not oxidise to the tetravalent state so the number of 
oxygen vacancies rises with increasing x. It was found that oxygen vacancies 
concentrate onto the axial site of the compounds with x = 0.6 and 0.8 at ambient 
temperature. In Ba2Sn0.6Sb0.4O5.7 the oxygen vacancies were found to change to 
concentrating on the equatorial site at higher temperatures and it is suggested that this 
oxygen vacancy ordering plays a role in the adoption of I2/m monoclinic symmetry.  
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the various ways in which perovskites can distort from the ideal cubic structure. The 
relative stability of perovskites with different octahedral tilt systems is examined and 
the applications and features of oxygen deficient perovskites detailed. 
 
Chapter 2 
 The experimental techniques used to study the compounds examined in this thesis are 
considered. This includes discussion of the basic theory behind the instruments as 
well as the specific experimental conditions used. The theory involved in determining 
the structures of the compounds studied in this work, including the use of the Rietveld 
method, is detailed. 
 
Chapter 3 
 The synthesis and characterisation of compounds in the series Ba2LnB'O6 (Ln = 
lanthanide or Y3+ and B' = Nb5+, Ta5+ or Sb5+) is discussed. A particular focus is 
placed on the structural characterisation, carried out at, above and below ambient 
temperature, using synchrotron X-ray and neutron diffraction. This leads to a 
discussion about why different compounds in these series adopt different structures. 
 
Chapter 4 
 A structural study of the two series Ba2Eu1-xPrxNb1-xSbxO6 and Ba2NdNb1-xSbxO6 is 
conducted using synchrotron X-ray diffraction. An understanding of the differences in 
the structures adopted by compounds containing the d0 Nb5+ and d10 Sb5+ cations is 
further developed. 
 
Chapter 5 
 Compounds in the series Ba2LnSnxB'1-xO6-δ (Ln = Pr or Tb and B' = Sb5+ or Nb5+) are 
examined using a combination of synchrotron X-ray and neutron diffraction, X-ray 
Absorption Near-Edge Structure and Ultra-Violet, Visible and Near-Infrared 
spectroscopies. The focus is on examining the relative stability of oxygen vacancies in 
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the structure of these compounds compared to the oxidation of the Ln3+ cations to 
Ln4+. The effect this has on the structures of these compounds is also examined. 
 
Chapter 6 
 The structures of compounds in the series Ba2NdSnxSb1-xO6-δ are examined using 
synchrotron X-ray and neutron diffraction at, above and below ambient temperature. 
A focus is placed on evidence for these compounds featuring oxygen vacancy 
ordering and the absorption of water in the crystal structure of compounds in this 
series. 
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